Abstract
classified as excellent/very good for pH (RPD = 2.69 and 2.14 and r 2 = 0.86 and 0.78, 
48
functional groups and water, particle size, and surface properties (Chang et al., 2001 ).
49
In a review paper, Stenberg et al. (2010) defined organic carbon (OC), total carbon 50 (TC), moisture content (MC) and clay minerals to have direct spectral response in the
51
NIR spectroscopy. In this context, it is possible to detect clay type and content, MC, OC
52
and TC with high accuracy (Volkan et al., 2010 
147
For each soil sample a certain amount of soil was mixed up in a glass bowl. Stones 
153
An AgroSpec mobile, fibre type, vis-NIR spectrophotometer (Tec5 Technology for 154 Spectroscopy, Germany) with a measurement range of 305 -2200 nm was used to 155 measure soil spectra in diffuse reflectance mode. A 100 % ceramic was used as the 156 white reference, which was scanned once every 30 minutes. Optical scanning was 157 conducted on non-treated, fresh soil samples to simulate field measurement conditions.
158
A total of ten scans were performed for each of the three plates prepared for each soil 159 sample. The resulted thirty spectra were averaged into one spectrum for each sample 160 (Kuang and Mouazen, 2011 ). This averaged spectrum was used for spectra pre-7 treatment and model development. All calibration (160) and validation (25) samples
162
were scanned in the laboratory.
164

On-line vis-NIR measurement
165
The on-line spectra were collected along parallel measurement lines in the field 1 in the
166
Duck End Farm in the UK (Fig. 2) . Detailed information about this field is shown in 167 
183
Several spectra pre-processing were tested and the best performing one was kept. The 
192
1000 nm) and six successive wavelengths for the NIR region (1000 -2100 nm).
193
Averaging over wavelengths was used to decrease the number of wavelengths and to 
199
The maximum normalization 'polarizes' the spectra. The peaks of all spectra with
200
positive values are scaled to +1, while spectra with negative values are scaled to -1.
201
The peaks of these spectra were scaled to +1, since all soil spectra in this study had 
221
To develop calibration models, especial attention should be paid in the selection of 
233
Performing this way a calibration data set was set to cover the whole range of 234 concentration for the different soil properties examined.
235
The 
247
The number of latent variables for a model was determined by examining a plot of 
270
classification system was adopted in this study.
272
3 Results and discussion
273
For robust modelling of the vis-NIR spectral data, the selection of calibration set should 274 be carefully done so that to be representative of the samples used for validation. The 275 range for sample concentrations in the prediction (Table 5 ) and independent validation 276 (Table 6 ) sets is smaller and within the corresponding range for the calibration set 277 (Table 5 ) for all properties. This confirms that variation in the prediction and 278 independent validation sets are accounted for in the calibration set.
279
Since samples of Ely field were of excessively high exchangeable Ca ex and Mg ex 280 values, the 25 samples from Ely field were disposed during the development of the 281 calibration models for these two properties, as these might negatively affect the 282 prediction accuracy of the corresponding models.
284
Evaluation of general calibration models
285
Examining the results of the prediction set ( 
299
Almost the same results as those achieved in this study were reported by Dunn et al.
300
( 
325
There is little literature about the on-line prediction of secondary soil properties e.g.
326
properties without direct spectral responses in the NIR spectroscopy. Soil pH was the which is supported by a larger range of error for the on-line, as compared to the 393 laboratory prediction (-21.911 to 9.025 cmol+/kg).
Histograms of error for Mg ex
395
The normal distribution plot of error of Mg ex of laboratory predictions presents a rather 396 normal distribution of error around 0. However, this is clearly skewed towards the 397 negative range when on-line spectra are used (Figure 5d , 
404
The above discussion about histogram plots of error and accuracy analysis confirms
405
that calibration models developed with laboratory scanned spectra perform better when 406 validated with laboratory measured spectra, as compared to on-line measured spectra. 
445
Further research is needed to upgrade the calibration models of pH, CEC, Ca ex and
446
Mg ex , developed in this study using samples collected from a larger number of fields 
